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Yunzhao Xu'*, Xuemin Cao?*, Shu Zhang®, Yuquan Zhang?*, Zongji Shen?

1Department of Obstetrics and Gynecology, The First Affiliated Hospital of Soochow University, Suzhou 215006,
Jiangsu, China; 2Department of Biology, Nantong University, Nantong 226001, Jiangsu, China; Departments of
3Pathology, “Obstetrics and Gynecology, The Affiliated Hospital of Nantong University, Nantong 226001, Jiangsu,
China. "Equal contributors.

Received May 29, 2017; Accepted July 26, 2017; Epub August 1, 2017; Published August 15, 2017

Abstract: Lysosome Associated Membrane Protein-1 (LAMP1), expressed in several functional processes, is a heav-
ily glycosylated lysosomal membrane protein which is able to protect the lysosomal membranes from intracellular
proteolysis. Its pro-tumorigenic effects are involved in the development of several types of Malignancy. However, the
role of LAMP1 in human Epithelial Ovarian Cancer (EOC) patients remains unclear. To demonstrate its prognostic
significance in EOC, the methods of RT-PCR and IHC were used to evaluate LAMP1 expression in both EOC and
nonmalignant tissues. What’s more, the relationship between LAMP1 and clinicopathological factors was investi-
gated. Survival analysis was used to elaborate its prognostic value. Expression of LAMP1 in tumor cells in EOC was
significantly higher than those in noncancerous tissues. LAMP1 over-expression in EOC was significantly related
to FIGO stage, metastasis invasion, positive ascites cell and the level of serum CA125. The Kaplan-Meier plot and
Cox regression method have shown that LAMP1 over-expression in EOC and FIGO stage was significantly related to
malignant features in EOC and EOC patients’ unfavorable survival. It was strongly evidenced in our research that
LAMP1 is a prognostic factor in EOC. Our results suggest that LAMP1 could be used as a poor prognostic factor and

novel therapeutic target for EOC.
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Introduction

Ovarian cancer is one of the most lethal malig-
nancies among women in both the developed
and the developing world, with exceedingly
204,000 new cases and 125,000 deaths
occurring yearly, constituting entirely more than
4% of cancer cases and cancer deaths in
women all over the world [1]. Concerning the
treatment of EOC, necessary surgery for per-
mitted situation of ovarian cancer patients and
postsurgical chemotherapy has significantly
promoted the survival in the past 25 years, yet
5-year survival rate is still below 50% [2].

Generally speaking, the malignant transforma-
tion in ovarian surface epithelial cells, a single
continuous epithelium encircling the ovary,
leads to the ovarian cancer. Owing to atypical
symptoms and lack of sensitive detection at
early stage, most EOC patients scan revealed

advanced ovarian cancer when detected. A
leading factor for poor outcome is our insuffi-
cient understanding of the events that initiate
EOC and promote progresses of EOC. Therefore,
novel and high sensitive and specific biomark-
ers with great clinicopathologic and prognostic
significance are badly needed for the diagnosis
and target therapies of EOC. And what is more,
in the times of ‘precision medicine’, biomarkers
play a significant role such as early detection
and significant improvements in treatment out-
comes [3-5].

Lysosome Associated Membrane Protein-1
(also known as CD107a) is a heavily glycosylat-
ed lysosomal membrane protein which is
believed to protect the lysosomal membranes
from intracellular proteolysis [6, 7]. Although
LAMP1 primarily was expressed in the endo-
some-lysosomal membrane of cells, it could be
found in the plasma membrane [8, 9]. Recently,



Table 1. Association of LAMP1 expression with clinical characteristics
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of EOC tion, including in meta-
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Grade 2.319 0.128 mor metastasis [13-15].
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High 93 23 (24.73) 70 (75.27) Nevertheless, as far as
Single or double 0.000 0.991 we know, LAMPL expres-
i sion and its clinical fea-
Single 54 15 (27.78) 39 (72.22) tures, as well as its prog-
Double 61 17 (27.87) 44 (72.13) nostic role, are yet to be
Type 0.001 0.973 detected in EOC. Here we
Serous 86 24 (27.91) 62 (72.09) reported the identifica-
Other 29 8 (27.83) 21 (72.41) tion of LAMP1, as a nov-
lymph nodes 3.526  0.060 el therapeutic target for
No 84 28 (33.33) 56 (66.67) EOC, to investigate their
Yes 18 2 (11.11) 16 (88.89) prognostic significance
Unknown 13 2 11 in EOC.
Metastasis 4.292 0.038* Materials and methods
No 55 20 (36.36) 35 (63.64)
Yes 58 11 (18.97) 47 (81.03) Patient specimens
Unknown 2 1 1
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0 56 19(33.93) 37(66.07) nel during the surgery in
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Unknown a1 15 26 were 15 cases of normal
*P<0.05. ovarian samples, 20 ca-

several studies have demonstrated that LAMP1
is over-expressed in several cancers and impli-
cated in carcinogenesis of various cancer types
[6-8]. Furuta et al. described a high expression
of LAMP1 in cancer cells with high metastatic
potential in colorectal neoplasm, indicating an
activity for LAMP1 in cell adhesion and migra-
tion [10]. Klnzli et al. reported a positive asso-
ciation between LAMP1 expression and prog-
nostic status of patients with pancreatic
carcinoma [11]. What's more, an elevated
expression of LAMP1 at the surface of the cell
has also been witnessed during platelet and
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ses of ovarian benign

tumor tissue samples
and 115 cases of ECO tissue samples. Normal
ovary tissues resected from non-ovarian dis-
ease were collected for control. Of the 115
cases of EOC, there were 86 serous carcinoma
and 29 other types. As for FIGO stage, there
were 55 stage |, and 60 stage IlI-IV cases. In
view of histological grading, 93 cases were
being high and 22 cases were being low.
Detailed clinicopathological data were shown
in Table 1.

The clinical data of the patients’ (including age,
tumor classification, tumor grade, follow-up
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A: Normal ovarian tissue
B: Benign ovarian tumor tissue

C: Epithelial ovarian cancer tissue
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Figure 1. LAMP1 mRNA expression in EOC tissues
and noncancerous tissues. Real-time PCR dem-
onstrated that the expression of LAMP1 mRNA
in carcinoma and in noncancerous tissues (ovary
tissue and benign ovarian tumor samples) were
0.6119+0.1332, 0.1445+0.0687, 0.1359+0.0163
respectively. The expression of LAMP1 mRNA in ovar-
ian cancer samples was significantly higher than in
noncancerous tissues (all P<0.05).

including 5-year survival and other information)
were recorded in detail which was obtained
from the medical records of patients. All
patients underwent standard surgery and none
of the patients received any therapy such as
chemotherapy, radiation or immunotherapy
prior to the operation. After surgery, a chemo-
therapy based on platinum was adopted at
least six times for each patient. All patients
were diagnosed by at least 2 pathologists
and followed up from the time of being diag-
nosed till December 31, 2015. All samples
were obtained with medical-ethics approval
from the Ethics Committee of Nantong
University Affiliated Hospital and all patients
gave informed consent.

LAMP1 mRNA isolation and real-time RT-PCR
assay

45 fresh frozen tissue samples were used in
the study, which included 15 cases of normal
ovarian tissue, 20 cases of benign ovarian
tumors, and 10 cases of EOC. Total mRNA was
isolated from EOC and normal samples by using
TRIZOL reagent (Life Technologies). The expres-
sion of LAMP1 was detected by qRT-PCR using
the Light Cycler Fast Start DNA Master SYBR
Green | Kit (Roche Diagnostics, Tokyo, Japan).
Following primers were used: forward primer
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5-GTTTCT TCATTC TTT ACT G-3/, reverse prim-
er 5-TCT CTA CTG TTG TAA TGT-3'. B-actin was
employed as an internal control, and the prim-
ers for B-actin were shown as follows: forward
5-TAA TCT TCG CCT TAA TAC TT-3’, reverse
5-TAATCTTCGCCTTAATACTT-3". One-step PCR
was performed by using SyberGreen on an ABI
7500 thermal cycler (Applied Biosystems) as
previously described [16]. Briefly, the PCR con-
ditions were as follows: initial denaturation at
95°C for 10 min; denaturation at 95°C for 15 s,
annealing and extension at 60°C for 1 min, 40
cycles.

TMA construction and IHC analysis

The tissue microarray system (Quick-Ray, UTO6,
UNITMA, and Korea) was performed for IHC
analysis. Tissue sections were deparaffinized
and rehydrated in graded ethanol solutions.
The sections were incubated in H,0, with a
concentration of 3% to block the activity of
endogenous peroxidase. IHC analysis was per-
formed as previously described [17]. Immuno-
staining was performed using the primary anti-
bodyagainst LAMP1 (1:200, Abcam, Cambridge,
USA), and then incubated with the secondary
antibody (Santa Cruz Biotechnology, SantaCruz,
CA, USA). Hhosphate-buffered saline was used
instead of the primary antibody as negative
controls. Not knowing about the clinical back-
ground of the cases, two independent patholo-
gists were conducted to evaluate and score the
staining intensity of LAMP1 expression of each
slide. The staining intensity of LAMP1 was grad-
ed as O (no staining), 1 (weak staining), 2 (mod-
erate staining), and 3 (intense staining). Sta-
ining area was scored as 0 (0%), 1 (1%-25%), 2
(26%-50%), 3 (51%-75%), and 4 (76%-100%) on
the basis of the percentage of positively stained
cells. The final LAMP1 staining score was a
product of the percentage and intensity score.
The cutoff point for the LAMP1 expression
score that was statistically significant in terms
of survival was set using the X-tile software pro-
gram (The Rimm Lab at Yale University; http://
www.tissuearray.org/rimmlab) as described
previously [18]. We defined the staining scores
using a two-level grading system for LAMP1
staining: 0-90: low expression; 91-300: high
expression.

Statistical analysis

We analyzed all data by using SPSS20 statistic
software (SPSSInc, Chicago, IL, USA) and STATA
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Table 2. LAMP1 immunohistochemical staining of protein in normal
ovarian, benign ovarian tumor and EOC tissues

LAMP1 expression
Samples n  Low or none High Pearson
. . 5 P-value
expression  expression X
Normal ovarian 15 11(73.33) 4 (26.67) 18.3916 0.000*
Benign ovarian tumor 20 10 (66.67) 5 (33.33)
EOC 115 32(27.83) 83(72.17)

*P<0.05.

.
Tt

Figure 2. Expression of LAMP1 in EOC with tissue microarray (TMA). Positive
staining was predominantly localized in the cytoplasm of EOC cells. LAMP1
protein expression in tumors from EOC patients showed three different lev-
els. (A and B) Showed strong IHC staining of LAMP1 in EOC samples with
advanced cancer, expressing high LAMP1 levels. (C and D) Showed weak IHC
staining in EOC samples, (E and F) Showed negative IHC staining of LAMP1.
Original magnification x40 in (A, C, E) (scale bars 500 um); x400 in (B, D, F)
(scale bars 50 pm).
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12.0 (Stata Corp, College
Station, TX, USA). Statistical
calculations of LAMP1 mRNA
expression were performed
using t test. x° tests were
performed to evaluate rela-
tionships between LAMP1
expression and clinic-patho-
logic parameters. We used
the Kaplane-Meier method
to calculate patients’ out-
come survival curves. Univa-
riate and multivariate Cox
regression models were ad-
opted to evaluate prognostic
significance. Concerning the
above analyses, a p value
<0.05 was regarded as sta-
tistical significance.

Results

LAMP1 mRNA expression by
RT-PCR

To evaluate the LAMP1
MRNA expression between
EOC and normal tissue, RNA
were isolated from 10 cases
of ovarian carcinoma, 15
normal ovary tissues and 20
benign ovarian tumor sam-
ples using real-time PCR. As
is shown in Figure 1, the
means of LAMP1 mRNA in
carcinoma and in noncancer-
ous tissues (ovary tissue and
benign ovarian tumor sam-
ples) were 0.6119+0.1332,
0.1445+0.0687, 0.1359+
0.0163 respectively. PCR re-
sults showed higher expres-
sion of LAMP1 mRNA in ovar-
ian cancer samples than in
noncancerous tissues (all
P<0.001).

LAMP1 protein expression
by IHC

IHC analyses were perfor-
med to evaluate expres-
sion of LAMP1 in EOC tissue
specimens using TMA. High
cytoplasmic expression of
LAMP1 was observed in 83
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Figure 3. Kaplan-Meier plots using the log rank survival test. A. Overall survival rate in patients with high LAMP1
expression was significantly lower than that in patients with low and no LAMP1 expression. (P<0.01). B. Overall sur-
vival rate in patients with high FIGO stage was significantly lower than that in patients with low FIGO stage. (P<0.01).

Table 3. Univariate and multivariable analysis of prognostic factors in cancer for 5-year survival

Univariate analysis

Multivariate analysis

Variable
HR P 95% ClI HR P 95% Cl

LAMP1

Low vs High 4.758 0.000%* 2.047-11.058 5.166 0.007* 1.569-17.006
Age (years)

<60 vs 260 2.156 0.003* 1.289-3.605 0.324 0.194 0.059-1.772
FIGO Stage

I vs lI-IV 4.354 0.000* 2.461-7.703 3.687 0.000* 2.019-6.733
Grade

Low vs High 1.971 0.074 0.937-4.150
Single or double

Single vs double 0.710 0.180 0.431-1.171
Histological type

Serous vs others 0.660 0.184 0.358-1.218
lymph nodes

Yes vs No 2.313 0.006* 1.274-4.197
Metastasis

Yes vs No 2.361 0.001* 1.395-3.995
Ascites cell

Yes vs No 2.228 0.007* 1.246-3.985
CA125

<100 vs 2100 1.367 0.552 0.488-3.829
*P<0.05.

(72.17%) cases of EOC tumors compared with
only 4 (26.67%) cases of normal ovary tissues
and 5 (33.33%) of the benign tumor samples.
The data was of statistical significance using x>
test analysis (x>=18.3916, P<0.001) (Table 2).
Representative IHC staining for LAMP1 in EOC
and noncancerous tissue samples was shown
in Figure 1.
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LAMP1 expression association with clinic
pathological parameters of EOC

In order to better understand the potential
influences of LAMP1 in the development and
progression of EOC, we observed the relation-
ship between LAMP1 expression in EOC and
various clinic pathological parameters of EOC.

Int J Clin Exp Pathol 2017:10(8):9104-9111
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In Table 1 we analyzed LAMP1 expression and
its relationship with clinic pathological factors,
then, stratified clinical characteristics by the 2
LAMP1 expression groups. It was observed that
LAMP1 protein positivity was significantly con-
nected with ascites cells (P=0.04), FIGO stages
(P=0.005), metastasis (P=0.038), and level of
serum CA125 (P=0.009) (Table 1). The expres-
sion of LAMP1 in ovarian cancer, higher than
those in normal tissues (Figure 2), was related
to advanced cancer biology, which was impli-
cated by FIGO stage, metastasis, and the serum
CA125 level.

Over-expression of LAMP1 predicts poor prog-
nosis

The Kaplan-Meier figure evaluated that patients
had a poor OS when LAMP1 protein expression
was higher in EOC tissues (log rank, P<0.001;
Figure 3).

In the univariate survival analysis, high-level of
LAMP1 expression (HR 4.758; P<0.001), pa-
tient age (HR 2.156; P=0.003), FIGO stage (HR
4.354; P<0.001), lymph nodes (HR 2.313; P=
0.006), metastasis (HR2.361; P=0.001), and
ascites cell (HR 2.228; P=0.007) were associ-
ated with overall survival (Table 3).

Univariate prognostic factors were included in
the multivariable analysis together, but FIGO
stage already included ascites cell, lymph
nodes and metastasis, after the removal of
these factors, the rest factors were included in
the multivariable analysis. In the multivariable
survival analysis, we found that LAMP1 overex-
pression (HR 5.166; P=0.007) and FIGO stage
(HR 3.687; P<0.001) were identified as inde-
pendent predictive factors for poor outcome
(Table 3).

Discussion

Human ovarian cancer is one of the most com-
mon gynecologic malignancies and leads to the
first cancer death among women. Currently, the
standard therapy to EOC was standard surgery
and preoperative or postoperative totally of 6-8
cycles’ regular Platinum-taxane based chemo-
therapy. For the past 30 years, 5-year survival
has increased slightly, but still remains below
35%. Therefore, assessment of factors affect-
ing behavior of EOC patients is indispensable in
improving postoperative prognosis.
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The lysosomal pathway is a novel concept in
which lysosomal membrane permeabilization
plays a significant role in leading to cell death
pathways of cancers [19-21]. The outcome of
the cell depends on the extent of lysosomal
damage. Normally, limited lysosomal delivery
leads to cell death by apoptosis while large
number of lysosomal breakdown results in
cytosolic necrosis [22]. The balance between
apoptosis and necrosis is extremely crucial for
cancer development because cancer cells usu-
ally acquire mutations to protect themselves
from cell death by the classical apoptotic path-
ways [23]. LAMP1 is among the most abundant
lysosomal membrane proteins which creates
glycocalyx on the inner side of the lysosomal
membrane to protect the membrane from the
hydrolytic enzymes and degradation [7].
Recently, LAMP1 expression has been increas-
ingly explored to correlate with cancer develop-
ment and progression, including in astrocyto-
ma, colorectal cancer, pancreatic carcinoma
and various other cancer tissues [10, 11, 24,
25]. However, we have not found any previous
work indicating whether the evaluation of
LAMP1 expression was related with clinical out-
come of EOC patients.

In our present study, we detected mRNA and
protein expression level of LAMP1 in both
malignant and non-malignant tissues using
RT-PCT and IHC analysis. LAMP1 mRNA level
was significantly higher in EOC than that in non-
malignant tissues. IHC analysis confirmed that
the high LAMP1 protein expression, mainly
located in the tumor cytoplasm, was detected
in 83 (72.17%) cases of EOC patients’ tissue
samples. In our studies, we have also con-
firmed that high cytoplasm staining of LAMP1
protein level was associated with higher FIGO
stages, presence of metastasis, presence of
ascites cell, high serum CA125 level. Further-
more, high LAMP1 expression in EOC is an inde-
pendent factor for patient overall survival.
Finally, our data clearly showed that high cyto-
plasmic expression of LAMP1 and higher FIGO
Stage at diagnosis was associated with signifi-
cantly poorer survival. However, our results are
contrary to the previous study in which Kinzli et
al. reported that pancreatic carcinoma patients
with higher LAMP1 expression had longer sur-
vival time [11]. It's concluded that the inconsis-
tency is in part due to the differences in the
tumor types.

Int J Clin Exp Pathol 2017:10(8):9104-9111
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Although there are some limitations such as a
limited number of patients and a relatively
short follow-up time, and a lack of further stud-
ies in vitro and in vivo, the accurate function
and therapeutic target of LAMP1 will be con-
firmed in our later studies.

In conclusion, to our knowledge, this is the first
report demonstrating that LAMP1 plays an
essential role as a prognostic marker of surviv-
al in EOC. Our results supported that LAMP1
plays an essential role in the progression and
development of EOC.
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